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(57) Abstract 

Methods of fluid handling an, disclose According to one method. T^inTu^SS fluSy^aS 

handled. A pump fluidy associated with the nozzle is ■"^'^^^SSK ' JbSS with 

determined whether movement of fluid into the nozzle is intended or unintended. Similar methods may be used to move nuw «n 
nozzle. 
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Embodiments described herein relate generally to handling a 
fluid automatically. More specifically, the embodiments relate 
to moving a fluid into and out of a nozzle. 
10 Fluid handlers or generally mechanisms for moving a fluid 

have many applications. One such application involves a type of 
machine referred to as an automated medical analyzer. These 
analyzers perform medical tests on a sample, such as blood, 
urine and the like. These tests may require mixing of the 
15 sample with a fluid. Once the sample is mixed with the fluid, a 
chemical reaction may take place. The chemical reaction can be 
used to provide a medical professional with medical information 
about the sample. Because the sample may have come from a human 
patient, the medical information about the sample may provide 
20 the medical professional with information about the patient's 

medical condition. 

For these analyzers to operate as intended, and to give the 
correct medical information to the medical professional, it is 
desirable to mix only a specific amount of sample with a 
25 soecific amount of fluid. If too much or too little sample, or 
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if too much or too little fluid is used during the mixing 
process, then the chemical reaction between the sample and the 
fluid may not occur as desired. If this occurs, the test may 
give inaccurate medical information about the sample and about 
5 the patient. It may not be in the patient's best interests for 
a medical professional to be given inaccurate medical 
information. Therefore, it is desirable to provide a fluid 
handler which can alert an automated medical analyzer operator 
when the wrong amount of sample and/ or fluid has been used with 
10 a particular medical test. 



fifffffM*»Y OP INVENTION 

15 Methods of fluid handling are disclosed. According to one 

method, a tip of a nozzle is moved below a surface of the fluid 
to be handled. A pump fluidly associated with the nozzle is 
energized to move fluid into the nozzle. A pressure transducer 
fluidly associated with the nozzle is energized to monitor 

20 pressure within the nozzle. Pressure within the nozzle is 
substantially continuously monitored with the pressure 
transducer during operation of the pump. Based on the 
substantially continuously monitored pressure within the nozzle, 
it is determined whether movement of fluid into the nozzle is 

25 intended or unintended. 

According to another method, a tip of a nozzle is moved 
adjacent a container to receive the fluid. A pump fluidly 
associated with the nozzle is energized to move fluid out of the 
nozzle. A pressure transducer fluidly associated with the 
30 nozzle is energized to monitor pressure within the nozzle. 
Pressure within the nozzle is substantially continuously 
monitored with the pressure transducer during operation of the 
pump. Based on the substantially continuously monitored 
pressure within the nozzle, it is determined whether movement 
35 of fluid out of the nozzle is intended or unintended. 
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in yet a further method, a nozzle is located adjacent a 
container for the fluid. A pump fluidly associated with the 
nozzle is energized to move fluid with respect to the nozzle. A 
pressure transducer fluidly associated with the nozzle is 
energized to monitor transient pressure within the nozzle. 
Transient pressure within the nozzle is substantially 
continuously monitored with the pressure transducer durxng 
operation of the pump. Based on the substantially continuously 
monitored pressure within the nozzle, it is determined whether 
movement of fluid with respect to the nozzle is intended or 
unintended . 



15 



20 



Fig. 1 is a generic diagrammatic view of a fluid handler 

described herein; 

Fig. 2 is a block schematic diagram of a portion of the 

fluid handler shown in Fig. 1; 

Fig. 3 is a schematic diagram of a portion of the fluid 

handler shown in Fig. 2; 

Figs. 4A and 4B display data obtained during intended 

operation of the fluid handler; 

Figs. 5A and 5B display data obtained during unintended 
25 operation of the fluid handler; and 

Figs. 6A and 6B display filtered data obtained during 
operation of the fluid handler. 



30 Fi m TT.«n DB q rB T».PTnM of PBKFKRRBP BMftflPIMBHTg 

Embodiments described in detail below handle fluids. These 
embodiments can be used to handle, e.g. aspirate, dispense, mix, 
etc.. any suitable fluid, while, for the sake of clarity of 
35 understanding, the embodiments are discussed with respect to 
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their employments in a medical analytical instrument, it is to 
be understood that the embodiments may be used in any 
appropriate employment- Also, regarding the methods of handling 
a fluid described below, it is to be recognized that the steps 
of one method may be performed in any suitable order and that 
steps from one method may be combined with steps from another 
method to yield yet additional methods. To more clearly 
identify operation of the fluid handler 10. both intended, i.e. 
correctly performed, and unintended, i.e. incorrectly performed, 
fluid handling operations of the fluid handler 10 will be 
discussed. The fluid handler 10 is sufficient to detect 
unintended fluid handling operations due to factors such as 
clogs, clots, debris, bubbles, foam, etc. By detecting 
unintended fluid handling operations as they occur, it is 
■> possible to disregard tests involved without having to rely on 
the possibility of the test result itself being out of range to 
indicate an unintended fluid handling operation. This can also 
reduce the probability of operator error. 

Fig. 1 illustrates one embodiment of a fluid handler 10. 
This illustrated embodiment 10 comprises a nozzle 12 having a 
tip 14 connected via a conduit 16 to a pump 18 operated by a 
prime mover 20. A pressure transducer 22 having a sensor 24 is 
fluidly connected with the conduit 16 between the nozzle 12 and 
the pump 18. The nozzle 12 may be movably supported by a 
suitably constructed gantry, not shown for clarity, so that the 
nozzle 12 may move toward and away from a container 26 retaining 
a fluid 28 having a fluid surface 30. The nozzle 12, the 
conduit 16 and the pump 18 contain a liquid 32, such as 
distilled water, a buffer, and the like, which facilitates 
aspiration and dispense of fluid 28. Thus, the pressure 
transducer 22 is -in line" with the liquid 32. To control and 
to monitor operation of the fluid handler 10, the pressure 
transducer 22 is electrically connected with operational 
electronics 34 which are, in turn, electrically connected with a 
35 controller 36. The controller 36 is electrically connected with 
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the prime mover 20 of the pump 18 so that the pump 18 and the 
operational electronics 34 can operate in unison. 

in one particular construction of the fluid handler 10. the 
nozzle 12 is a rigid aspiration probe. This probe has an inner 
5 diameter of about 0.04 inches, a length of about 7 inches, and a 
tip with an inner diameter of about 0.014 inches and a length of 
about 0.278 inches. In this construction, the conduit 16 is 
made of a polymer of low compliance, such as TEFZEL tubing 
(available from Du Pont Co., Wilmington, DE) , with an inner 
10 diameter of about 0.063 inches. If it is desirable to minimize 
damping of transient pressure variations, then the axial length 
of the conduit 16. particularly between the nozzle 12 and the 
pressure transducer 22. should be minimized or rendered as short 
as practical. In one construction, the pressure transducer 22 
15 may be a TransPac IV, manufactured by Abbott Laboratories. Salt 
Lake City, UT. Generally, the pressure transducer 22 should be 
capable of sensing rapid transient pressure changes within a 
range of at least about -2 to about 6 psig, and particularly 
should have an overpressure capability to about 100 psig to 
20 enable effective washing of the nozzle 12. The pressure 

transducer 22 should have a fast response time, up to about 10 
kHz The pressure transducer 22 monitors pressure within the 
conduit 16 substantially continuously (at least about 1000 times 
per second in one embodiment), thereby monitoring transient 
25 conduit 16 pressures, which allows unintended aspirations and 
dispenses to be indicated almost immediately. In one 
construction, the pump 18 is a syringe pump, such as a Cavro 
3000 (Cavro Scientific Instruments inc., Sunnyvale, CA) . It is 
to be recognized that these specific constructions and others 
30 below are given for the sake of facilitating understanding. 
A description of a particular construction of the 
operational electronics 34 follows with reference to Figs. 2 and 
3 However, it is emphasized that this is only one possible 
construction for controlling operation of the fluid handler 10. 
35 For instance, portions of the operational electronics 34 and/or 
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its functions may be incorporated into a computer 38, provided 
in hardware or software form, etc. 

As shown in Fig. 2. the pressure transducer 22 is 
electrically connected to an electronic buffer circuit 40 so 
that an electrical signal generated by the sensor 24 responsive 
to a pressure in the conduit 16 is transmitted to the buffer 
circuit 40. A detailed schematic of one embodiment of the 
buffer circuit 40 is illustrated in Fig. 3. The buffer circuit 
40 of Fig. 3 includes a voltage source circuit 42 which supplies 
about 10 VDC to a bridge circuit 44 associated with the pressure 
transducer 22. An electrical output of the bridge circuit 44 is 
electrically connected to a differential amplifier circuit 46. 
which is also connected to an adjustable offset voltage 
generator circuit 48. An output of the differential amplifier 
circuit 46 is the output of the electronic buffer circuit 40. 
The output voltage of the differential amplifier circuit 46 can 
be expressed as: 

v out = l—ZSz + 2)(v > - v,) + v * 

The output of the differential amplifier circuit 46 is 
electrically connected to an analog to digital converter 50. 
The analog to digital converter 50 may be provided as part of 
the computer 38 or as part of another computer. in another 
construction, the analog to digital converter 50 may be 
substantially similar to an ATMIO-16-L9 from National 

Instruments of Austin, TX. 

in the illustrated embodiment, an output of the analog to 

) digital converter 50 is electrically connected to a digital 
filter 52. In one embodiment, the digital filter 52 may be 
substantially similar to a digital lowpass filter, such as a 
digital Butterworth filter algorithm and the like. This 
algorithm may be performed by the computer 38. in a particular 

5 embodiment, the filter algorithm of the commercial software 
package MathCAD (available from MathSoft, Inc., Cambridge. MA) 
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be used. In other embodiments, filtering may be performed 
by an analog filter incorporated into the buffer circuit 40 or 
some other digital filter performed by the computer 38. 
An output of the digital filter 52 is electrically 
5 connected to an error detector 54. The error detector 54 may be 
of any suitable construction, such as a software routine, a 
hardware configuration, an electrical circuit etc.. that 
performs fluid handling error detection tasks as detailed below, 
in some embodiments, the error detector 54 may be part of the 
10 computer 38 or may be a separate signal processing device or 
microcontroller. The computer 38 or the error detector 54 may 
be electrically connected to the controller 3 6 to allow 
operation of the pump 18 to be responsive to a signal from the 
pressure transducer 22. 
15 Further appreciation of the construction of the fluid 

handler 10 may be obtained with a discussion of the operation of 
the fluid handler 10. This discussion is provided for clarity 

of understanding. 

According to one method of operation, referring to Figs. 1 
20 through 3. liquid 32 fills the nozzle 12. the conduit 16, the 

pressure transducer 22 and the pump 18. In some cases, the pump 
18 may move the liquid 32 within the fluid handler 10 such that 
a volume, about 5 to 10 ni. of ambient air may be located within 
the nozzle 12 adjacent the tip 14. This volume of air may be 
25 used to separate fluid 28 aspirated from the container 26 into 
the nozzle 12 and the liquid 32 already present in the nozzle 
12 This procedure can also be used to -stack- different fluids 
28 within the nozzle 12. In essence, a first fluid 28, such as 
sample, is aspirated (discussed below) into the nozzle 12 and is 
30 separated from the liquid 32 by the first air volume. When a 

second fluid 28. such as a reagent, is aspirated into the nozzle 
12, a second air volume separates the second fluid 28 from the 
first fluid 28. Then, the first and second fluids 28 can be 
dispensed from the nozzle 12 into the same of a different 
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container 26, such as a reaction vessel. This procedure can be 
used to increase throughput. 

To handle fluid 28, the nozzle 12 is moved by a suitable 
prime mover, not shown for clarity, towards the surface 30 of 

5 the fluid 28 to be handled. The nozzle 12 is moved so that the 
tip 14 of the nozzle 12 is offset sufficiently below the surface 
30 of the fluid 28 within the container 26. An appropriate 
level sense mechanism, such as an R-F level sense, a capacitive 
level sense, a pneumatic level sense and the like, may be 

10 operatively associated with the nozzle 12 to facilitate 

automated detection of the surface 30 of the fluid 28. The 
distance of the offset between the surface 30 of the fluid 28 
and the tip 14 of the nozzle 12 may vary depending upon fluid 
characteristics, level sense mechanism employed, ambient 

15 conditions, etc. 

Once the tip 14 of the nozzle 12 is sufficiently offset 
below the surface 30 of the fluid 28 within the container 26, 
the controller 36 energizes the prime mover 20 associated with 
the pump 18. Substantially simultaneously, the controller 36 
20 also energizes the pressure transducer 22. The pump 18 moves or 
aspirates a desired amount of fluid 28 from the container 26 and 
into the interior of the nozzle 12. As the fluid 28 passes from 
the container 26 into the interior of the nozzle 12, the sensor 
24 of the pressure transducer 22 constantly measures pressure 
25 within the conduit 16 and detects a transient pressure change 
caused by flow of fluid 28 and liquid 32 within the nozzle 12 
and the conduit 16 influenced by operation of the pump 18. The 
signals energizing the prime mover 20 sent from the controller 
36 to the prime mover 20 correspond to a signal expected to be 
30 received from the sensor 24. This facilitates analysis of the 
signal from the sensor 24. 

Responsive to the pressure sensed by the sensor 24 of the 
pressure transducer 22, the bridge circuit 44 generates an 
electrical signal. The electrical signal generated by the 
35 bridge circuit 44 is sent to the differential amplifier circuit 
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46 of the buffer circuit 40. The buffer circuit 40 produces an 
amplified electrical signal representative of an instantaneous 
pressure sensed by the sensor 24. The amplified electrical 
signal is fed into the computer 38. Once the amplified 
electrical signal is sent to the computer 38. the analog to 
digital converter 50 generates a digital signal corresponding to 
a voltage of the amplified electrical signal emitted by the 
buffer circuit 40. Thus, the digital signal is indicative of 
the pressure sensed by the sensor 24. The digital signal may be 
filtered by the digital filter 52. The filtered signal is 
processed by the error detector 54 which monitors a transient 
pressure signal to determine whether an intended aspiration has 
occurred. In one embodiment, the error detector 54 is enabled 
by a signal from the controller 36. indicating that aspiration 
has commenced and that the signal from the sensor 24 should be 
monitored for indication of errors or unintended aspirations. 

The illustrated embodiment of the fluid handler 10 may also 
be used to monitor dispense of fluid 28 from the nozzle 12 into 
the container 26 or some other fluid receiver, such as a 
reaction vessel and the like. Substantially similarly to the 
above-described steps, a fluid 28 dispense is initiated by 
operation of the pump 18. The error detector 54 is enabled by 
Che controller 36 substantially simultaneously with the pump 18. 
The error detector 54 monitors the signal, which is indicative 
of the pressure sensed by the sensor 24, sent by the sensor 24 
and processed by the operational electronics 34 to determine 
whether an intended dispense has occurred. 

Several methods exist for using the signal, indicative of 
pressure sensed by the sensor 24, sent from the sensor 24 to 
determine whether an intended aspiration and/or dispense has 
occurred based on transient pressure signals sent by the sensor 
24. Some of these methods are described in the following 
examples. It is to be noted that these examples are provided 
for clarity of understanding. 
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in the examples, data were collected using an embodiment of 
the fluid handler 10 which is substantially similar to that 
described above. Fluid 28 volumes of about 50 ul were aspirated 
into the nozzle 12, with fluid 28 flow accelerated at a 
5 substantially constant rate of about 1563 ul/sec/sec until 
steady state flow rate of about 83 ul/sec was reached. Flow 
deceleration was also substantially constant at about 1563 
ul/sec/sec. Dispenses of about 40 ul were also measured, with a 
steady flow rate of about 391 ^l/sec and flow acceleration and 
10 deceleration rates of about 26,040 Ul/sec/sec. The operational 
electronics 34 were adjusted (gain, threshold, etc.) so that an 
electrical signal presented to the analog to digital converter 
50 is about 0 volts prior to aspiration and does not saturate 
the operational electronics 34 during an intended 
15 aspirate/dispense cycle, which comprises aspiration of the 

desired amount of fluid 28 into the nozzle 12 and dispense of a 
desired amount of fluid 28 from the nozzle 12. A common gain of 
the operational electronics 34 is about 9.6 V / psi. A 
representation of MathCAD software used to collect and to 
20 analyze the data in these examples is presented in Appendix A. 

flyn fflpi* 1 - Tnt- e n t1°f agnirarion and PiSPfiTIPf? PfofUCS 

About 50 Hi aspiration and about 40 ul dispense of pig 
25 serum were performed with the flow parameters as listed above. 
The analog pressure signal from the sensor 24 was sampled 
substantially continuously at a rate of about 1000 
samples/second and stored as unfiltered numerical data 
representing the instantaneous pressure profiles sensed by the 
30 sensor 24 during both aspiration and dispense of fluid 28. The 
results of 5 repetitions of this experiment are presented in 
Fig. 4A (5 aspirations) and Fig. 4B (5 dispenses). These 
Figures demonstrate repeatability of the pressure sensing 
method. The pressure spikes immediately preceding and following 
35 the aspiration and dispense were artificially imposed on the 
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daca co facilitate extraction and display of the pressures 
during actual aspiration and dispense. A representation of 
MathCAD software used to extract the pressures during aspiration 
and dispense is found in Appendix A, section 2. From this, it 
5 is apparent that an instantaneous pressure profile derived from 
data obtained by the sensor 24 can be compared to a 
predetermined pressure profile to conclude whether the fluid 
handling operation involved was intended or unintended. 

10 nmrc r^ ■> - ^ TrnrprKted A^ni ration and Dispens e 

Interrupted aspiration of pig serum was performed by 
removing the container 26 from the nozzle 12 during an about 50 
Hi aspiration, resulting in partial aspiration of air. The 

15 dispense portion of the aspirate/dispense cycle consequently 
also included partial dispense of air. Instantaneous pressure 
profiles of 5 unintended aspirations and dispenses were produced 
as in Example 1 and are illustrated in Fig. 5A (5 aspirations) 
and Fig. 5B (5 dispenses). Varying amounts of air were aspired 

20 during the unintended aspirations. A representation of the 
MathCAD software used to extract the pressures during the 
unintended aspiration and dispense is found in Appendix A, 
section 3 . 

25 m w^ * - Trt q 'rm *"i-»rinn of pr^ir- Profi l es 

The pressure profile data acquired as described in examples 
1 and 2 was filtered with a MathCAD digital Butterworth filter 
described above. This is a 31 coefficient digital lowpass 

30 filter with a cutoff frequency of about .01 times the sampling 
frequency (or about 10 Hz) . A representation of the MathCAD 
software used to execute this filtering is found in Appendix A. 
section 4. The results of this filtering are illustrated in 
Fig. 6A (5 intended and 5 unintended aspirations) and Fig. 6B (5 

35 intended and 5 unintended dispenses) . The unintended 
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aspirations and dispenses are clearly distinguishable from the 
intended aspiration and dispense profiles. 
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r i.iinnlr 1 rrrrr ™-»rHon lw integration 

intended and unintended filtered and unfiltered pressure 
profile data was integrated as an exemplary error detectxon 
5 method. The integration was mathematically performed with 

MathCAD software (represented in Appendix A. sections 2. 3 and 
5) The results of the integration are presented in Table 1. 
The integration results for the intended aspirations and 
dispenses are statistically distinguishable from those of the 
10 unintended aspirations and dispenses. This method is. however, 
sensitive to fluid viscosity (which may range from about 1 to 
about 14 centipoise) and accordingly is less desirable for small 
aspiration and dispense volumes (on the order of about 10 ul) . 



15 

Five consecutive data points were sampled from each of the 
filtered intended and unintended aspiration pressure profiles 
immediately prior to syringe deceleration, so that they 
20 represent pressure sensed by the sensor 24 during steady-state. 
Five consecutive data points were also sampled following 
completion of aspiration. The difference between the mean 
pressure during steady state aspiration and the mean pressure 
following completion of the aspiration was calculated and 
25 compared to a tolerance band, in this example, executed by the 
software represented in Appendix A. section 7 , the tolerance 
band was from about 0.35 to about 0.55. as shown in Table 2. 
the intended aspirations yielded mean pressure differences 
within the tolerance band, while the unintended aspirations 
30 yielded pressure differences outside the band. 
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Rvamnle 6 - Error D f>r*>ri- -i nn tav Variation of Pressure PifEerence 
from Mean 



Data points from each of the filtered intended and 
5 unintended aspiration pressure profiles that fell within the 
steady state aspiration region were used to calculate the 
instantaneous difference between the pressure sensed by the 
sensor 24 at any time and the pressure sensed following 
completion of the aspiration. Each of these values was compared 

10 to the mean difference between the pressure during steady state 
aspiration and the pressure following aspiration (calculated as 
in Example 5) . The number of times that the instantaneous 
pressure difference differed from the mean pressure difference 
by more than a specified tolerance was counted. In the case of 

15 the software represented in Appendix A, section 7, the tolerance 
band was about 0.1 on either side of the mean difference. As 
shown in Table 3, the intended aspiration profiles had uniformly 
zero deviations outside of the tolerance band, while the 
unintended aspirations had numerous such deviations. 

20 

The error detection methods presented in Examples 4 through 
6 are just four of the many possible methods to detect 
unintended aspirations and dispenses from the pressure profiles 
measured by the sensor 24. In some embodiments, several error 
25 detection methods may be combined. The Examples demonstrate 
that the pressure data collected by embodiments of the fluid 
handler 10 may be used in an aspiration and dispense error 

detection method. 

The pressure profiles of intended and unintended 

30 aspirations and dispenses are directly affected by the 

acceleration and deceleration profiles of the pump 18. For 
instance, a uniform ramp acceleration and deceleration of the 
pump 18 will result in pressure values that do not reach steady 
state. It is possible to modify the acceleration and 

35 deceleration profiles of the pump 18 to yield intended and 
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unintended aspiration and dispense pressure profiles that may be 
more easily or reliably distinguished by these or other error 
detection schemes. In other embodiments, feedback from 
elements, other than the pressure transducer 22, of the fluid 
handler 10, such as movement of the pump 18, fluid surface 30 
level sense information, etc., alone or in combination with each 
other or with the pressure transducer 22 information, can be 
used to provide an indication of intended or unintended fluid 
handling operations. 
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Table 1: Error Detection by Integration of 

Pressure 



Intearated Pressure values 



Filtered 



Aspiration 



Intended 



1268 
1287 
1282 
1272 
1285 



Unintended 



1020 
1047 
1212 
1099 
1166 



Dispense 



Intended 



438 
448 
443 
442 
439 



Unintended 



145 
154 
321 
167 
225 



Aspiration 



Dispense 



Intended 



1212 
1241 
1233 
1216 
1236 



Unintended 



Intended 



787 
829 

1114 
919 

1033 



774 
787 
778 
772 
771 



Unintended 



238 
253 
568 
266 
399 



Table 2: Error Detection by Mean Pressure 

Difference 



Mean pressure difference 


Intended 


Unintended 


0. 


496 


Within 
tolerance 


0.141 


Outside 
tolerance 


0. 


528 


Within 
tolerance 


0.169 


Outside 
tolerance 


0. 


517 


Within 
tolerance 


0.225 


Outside 
tolerance 


0. 


501 


Within 
tolerance 


0.185 


Outside 
tolerance 


0. 


509 


Within 
tolerance 


0.230 


Outside 
tolerance 
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Table 3: Error Detection by variation of 
Pressure Difference from Mean 



Number of points outside 
tolerance band 


intended 


Unintended 


0 


78 


0 


62 


0 


378 


0 


110 


0 


233 
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Test Rua Tube- I Asp Volume - 5000 Disp Volume -4000 Tcrt Cycle Count -3 

TbetaCX) Vel. -6000 TheU(X>Acl "32000 

Disp Car.CY>Vd - 20000 Disp Car.(Y)Ael - 50000 

ZVol - 25518 ZAcl -985110 

Z Vel (liquid sense)- 25518 ZtelQiqudsaw)- ISQOQQO 

Asp. Tfcete Position -20 Asp. Liquid Sense Over -0 Asp Max Zdewa- 25000 

Liquid Sense Qaia I OFF 

Liquid Sense Gain 2 ON 

Liquid Sense Gain 3 ON 

Aspirate Cosine Ramp OFF 

Diip.Tbeta Position « -2486 Disp. Liq. Sense Over -1 Dup. Mix Z down -4000 

Tests Were Run with SCALE Mode 

AND taking weight measurements - 2nd wcightDolay - 5 

Dispense Cosine Ramp OFF 

Wash. Tbeta Position - -1827 Wash Max Z down -3600 
Priming Syr- Steps = 0 

Priming Vel. Draw = 25000 Priming AcL Draw -200000 
Priming VeL Dispense «= 60000 Pruning AcL Dispense -200000 

Prising Syr. Overdrive «0 * 
Syr. Valve In Steps -1080 Syr. Valve Bypass Steps - 2150 Syr. Valve Out Step.- 0 

Syr. Valve VeL - 20000 Syr. Valve AcL = 100000 

Cycles to run prime - 5 

Syr. VeL Draw = 16CO0 Syr. AcL. Draw «= 300000 
Svr. VsL Dispense «= 75000 Syr. AcL Dispense - 5000000 
Syr™ Resolution - 48000 Syringe Size - 250 
Syringe overtirivc - 2950 

Syr. Base VeL Draw -0 Syr. Base Vel Dispense -0. 

InL Probe Ws«h VeL « 40000 Int. Probe Wash AcL - 500000 

Int. Probe Wash Cycles - 27500 

Giboa Wash VeL - 28000 Gusoo Wash AcL - 500u00 

Oilsco Wash Cycles = 10000 vu.»— om 

Delav to extrrJl w„h = 50 Delay to internal w«h - 0 DeUy«*«Abonc«-900 
Sav' Data Asp Pouus - 10000 Save Data Dts. Points - 0 

Siay^ 200^p. Delay 2 - 100 Disp. Delay I - 400 Disp. Delay 2 - 100 

Pr^-As? Aj-T Ga? = 1920 Post_A*p Air Gap -0 

*. Full Cycle Tuning (in Msec) -Last Run 

Thr-J. to Aspirate = 515 
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Asp Val - 16.000 Aspi Abe - 300.000 
Disp Vel « 75,000 Dtep Acc = 5,000,000 
Aspirate Volume a 50ui of Pfg Senim PMd 
Olspense Volume « 40ul of Pig Senim Serum Ffcl- 



Rw» » RHADPRN(wf0 1*000) 

Nl :» l«t(Pri) 
NI»6.294»10* 

Wegfoi » 40.77 

Prccrf :- READPRN(wtOU002) 
PrJ » Pre«3 <0> 
N3 :• la3l(Pr3) 
N3 -6.326* W 3 
k- O..N3 
WeighG := 40.76 



Preu2 » KBADPHN(wtO 1*001) 

NZ^lsst(Rt2) 
N2«6J42«10 3 
j 0..N2 
Weight2 :» 40.78 

^ftes***""*" 

W-6.334-I0 3 
1-0..N4 
Wcight4 := 40.72 



Press5 •» R£ADPRN(wtOU(XH) 



Prf := PnsiS* 8 * 
N5 := Urf(Pr5) 
N5 -6J45-10 3 
m:-0..N5 
Wdght5 :* 40.77 
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P»»U3fl ^(»-»" M UJO'°) 

111 <*- l-.Nl 
Pttl a :» until(9.99 - Prlg.O) 

Jl2»la*t(Prtl) J12-2.U4«W 3 

iii J12 + 1 -Nl 

Prtl™ until(9.99 - Prl a .O) 

Jl3:-Ust(Prtl> Jl3-4.246.t0 3 

Prtt n »-,too : "« ltiI ( 9 - 99 " Prl Si*« 
J14 r= lartCPrtr, J14-4J83-10 
i2:-0.. 1000 

Prlb u :» Prl a+ ju-J0 
Prlc. a : a Prl a4 .n3_jo 

JJ1 := J12- JU 

JJ1 ♦ 50 

Prld* 2 C 2 -* 11 ^ 
i22-5i 

Prld«l.212»l0 3 

JJlb== J14-J13 
JJIWSO 

i22«=5l 
Prle =773.774 
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Pta,^,,, :-iafla(9.99-ft?i +20 .0; Prt3; :» uatil(9J9 -Pt3|.0) 

J2t :» Uit(Prt2) XU-l.^'lO 3 J3 1 Ust(Flt3) J31 - 1.447»10* 

jj :» J21 «■ 1-N2 kk»J3l*l-N3 

Prt2-.- until(9.99-Pr22.0) Prt3 tt uatil(9.99 - PW^.O) 

J22 » lutfPrO) J22«2.116«10 3 J32 :» Ust(Ptt3) J32-2.I17-10 3 

ii; :• 122 * I.H2 kick:- J32+ UN3 

ftt^ :• onffl(9J9 - Mg.O) Ptt^ nntil(9.99 - M^.O) 

123 - lasiCPrQ.) J23»4292»W 5 J33 » Lut(Ert3) J33 -4.277-10 3 
jiij ~ J23 + UN2 Idddcr- J33+ I-N3 

M + 100 tmta(9.99 - Prtjjg^ l0 ?T<Vk4.:oo : - ™&{9.*> - Mud** 100 .0) 
JT4-lajtCPlt2) J24 -4.429«l(^ Jj4 := last(P«3) J34«4.414»t0 3 



i2.-0^1000 


i2=»0.. 1000 


Pr2bi 2 ^Pr2 a+ j 2U30 








JJ2 :* J22-J2I 


ID := J32 - J31 


J11+5Q 


JJ3+50 


Pr2d:« J] (2-Pr2b) m 


Pt3d:- J) 0*Mb) B 


i22-5l 


i22-51 


Pr2d = l.24W0 3 


Pr3d«i.233»10 3 


JJlb J24 - J23 


JJ3b :» J34 - J33 


mb + 30 


JJ3b ♦ 50 


Pr2e:» ^ Pr2c !2l 


Pr3c:« ^ Pr3c. l22 




i22«51 


a2 ' 51 mb.iir 


JJ3b 


Pr2e =786.631 


Pr3e =777.803 



= 137 
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Ptt4j := unta(9.99 -Tr^O) Pttij " until(9.99 - Rr5 £ ,0) 

J41 :- UrtCPrti) /41-1.4SM0 5 JS1 ^ l«t(fttS) J51 -1.456.10 

J41* 1..N4 nun:« J51 ♦ 1-N5 

Prt4 u :» unia(9.99 - Pr4 tt ,u) «Hil(9.99 ' 

J42:-I«*tO»4) X42-2.122-10 3 J52 :» l«st(PttS) j32-2.127.10 3 

1U:» J42+ i-N4 nuum^IS2 4-l>NS 

Prtin :- unia(959 - Pt4 m ,0) * " W — 'J) 

J43 = Ust(Prt4) J43-4.287.t0 3 J53 :- Ias*PktS) .153*4397.10 

I111:«J43 + LN4 m ^* J ^* 1 *> oco p*. 0 \ 

J44»U»t(Pxt4) J44-4.424-10 3 JM:= Uit<Prt5) J54 • 4.434- 10 

i2 = 0.. 1000 i2«0.t000 

Pt4b. a :» P*4 a <. M . 50 Pr^a : * W i3+«l - » 

Pt4cjj :»Pr4-a^jo-3o ^ :s ^fiJ* 18 

JJS :« J52 - J51 

JJ4:*J42-J41 JJ5 «.5o 

JM ^° . Wd. V (2-Pr5b) a2 

Pr4<l:« 2l ( 2 - Wb) B» 122 = 5t 
i22 = 51 



J51 - I 

751) S^" 0 - 775 

lm — 0 
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Q2-51 

JJ4b:-J44- J« 
JJ4b + 50 

Pr4« :- 2 Pr4C « 22 
122-51 

Pr4o-772J31 



JJSb:-J54- J53 
JJ5b + SO 

122-51 
Pr5e -771.079 
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Asp Vef - 16,000 A«p- Acc - 3OO.<»0 
Dispense Volume - 4<M of Pifl Seium «wB«bto 



Press6 



: RHADPRN(wtO IdOOO) 



Ft6:-Pxes*£ 



.<0> 



N6 
N6 



■5.961-10 3 



fa. 0-N6 
iv 20-K6 

WeightS :- JOS 



Press7 :» READPRN(wtOldOOl) 

K7s>bst(FK7) 
N7-&02»10 3 

Weight? -.04 



fttttf :» READPRN(wt0ldfl02i Press9 i» R£ApFRN(wtQld003) 



». »<o> 
Pxfl Prai8 

N8 := Uat(Pt8) 

N8-6.112-10 3 

k~0~N8 

Weights := 23-68 



Pr9 Ptess9 < ° > 
N9 Ust(Pr9) 
W =6.185-10 3 
l-.= 0„N9 
Weight := .23 



p««10 ~ READPBN(wtOldDW) 



prIO Press 10 
U10 •-= UstCPrlO) 
N10 -6.328«10 5 

m :=0..N10 

WeightlO := 10.75 
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Prt^ untU(9.99 - Pt6- w .O) 

J6 1 Usl(Plt6) X\ - 1 •278-10 3 

ii:» J61 + 1-N6 

Prt6 a := until (9.99 - Pr^.O) 

J62:»Ust(Pit6) JS2 « 1.947-10- 

iii:= J62 + 1..N6 

Prt6 = :« un!fl(9^9 - Fk^.O) 

J63 ~ la*t(P«6) 3S3 -3.91 I «10 S 
iiiit» J63 + 1..N5 

Prt^ ^ 100 » until(9.99 - PiS^ w 7*> 

J6* Iaat(Prtfi) J64-4.048-I0 3 

i2 ~ 0 1000 

Pitfb-a EW i2+ j«i . so 

JJ6 := J62- J61 

JJ6 + 50 
Px6d := J] (2 - PrtSb) a2 

i22-5l 

Prfd =787.268 

JJ6b « J64 - J63 
JJ6b ♦ 50 

Pl6e.= J] JWcai 
i22 = 51 

Pr6e =238.281 
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Prf7.amnlil(8-Pf7j.O) 

ni :» U*t(Prt7) ni -L291-10 

J72 :» U*l(Prt7) J72 - 1.962' 10* 

fij:= J72«-1_N7 

PrtT^:- ^(959-^.0) ^ 

J73 ^ Uat(Prf7) J73 -3.97W0 
jig,s- J73 + 1-N7 

j7 4 := Uit(Prt7) J74 -4.108- 10 
i2-0-I00O 

JJ7:« I72-J71 
JJ7 + 50 

Pr7d:« Yi « 2 - Wb) W 
122-51 

Pr7d c 828.68 

JJ7b :» J74 - J73 
JJ7b4-50 

Pr7e:- J] Wej. 

ill- 51 

Pr7s =253359 



"•23 



p tt 8 l ^ m ia(959-R8|.0) 

J8l :» UsKPrtS) JS1-L34-10 1 

ik:- J81 + 1-N8 

PrtSy. :- imta(9.99 - PtSuc-O) 

Jg2^UH(Pxt8) J82-2.01-10 3 

iik- J82+ X-N8 

PrtS,^ ^ unia(9.99 - Prt^.O) 

j83^lasKFrt8) J83 -4.061-10 

I#*$J*+ 100 =• t»ta(9.99 - Prtjdjtt^ loo- 0 ) 
j84^U«t(Ptt8) JS4 -4.199-10 
i2 := 0.. 1000 

jre:-JB2-I81 
JJ8*50 

Pr8d- J] d -**»>» 
i22-51 

Pr8d = l.U4«l0 3 

JJ8b := " J83 
JJSb^-50 

Pi8c:» ^ t**t 
i22 = 5t 

Pr8e =568.086 



in 
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PW9. ~ until(9.99 - Fx9|.0) 
J9I :» last(PW9) J91-L3T7M0 3 

Prt9 u := unffi(9.99 - Fi9 u .0) 

J92:= UitCPrt9) J92«=2.043-10 3 
HI:« J92 + I..N9 
Prt9 m ••* until (9.99 - Pr9 m ,0) 

J93 Iaat(PW9) »3 -4.135- W 3 
till J93 ♦ 1„N9 
P«9uu+ 100 :b - Vx9 m + l00 .u) 

J94:= uut(Prt9) J94-4J72-W 3 

12 :» 0.1000 

Px9b- a :« Pt9 a+ W1 . jo 

Pr9c a :* Pr^j2*193 - so 

JJ9 :» J92 - J91 

179 50 
Pr9d:= J] (2-Pi9b) i22 

i22«Sl 



PrtlOj r« until (9.99 - PrlOj.O) 

J101 :» Ust(PrtlO) ilOl - 1.44S-10 3 

mm J101 + l-NIO 

PrtlOj unlfl(9.99 - PrlOj.O) 

1102 :• Ust(Prtl0) J102 -1116-10 3 

aam:> H02 «• 1-N10 

PttlO :» until (9.99 - PrlO^^.O) 

J103 l«t(Prtt0) J103 - 4.28-10* 
mnamn:» J103 + l-NIO 

Pttl O ^ I00 uata(939 r PrlO,,,,,,^^ 100 .0) 

J104 > lait(FrtlO) JI04 -4.418-10* 
i2:a 0-1000 

PrIObQ PrlOjj^no, _ S9 
PrlOoa^PrlOa^nM.jo 

JJ10:» J102-J101 

JJIO ♦ SO 
Prl0d:= ^ (l-PrlOb)^ 

t22-5l 
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ft9d-9l8.611 

JJ9bw J94-J9J 
JJ9b + 50 

Pr9e:» 2 Moqi 
122-51 

Prfe =265.786 



PrI0d»1.033-l0 3 

JJlOb - - J103 

JJlOo + 50 JJlOb-138 
Prl0e:« J] PtIOcaj 
i22-51 

Prl<* -399.219 
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'49 
»49 
»49 



Prlb M s Prlb, 
PxXb S0 -•- Mb, 
Pt3b J0 -•= Prfb, 
Prtb^-Prtb, 
PrSb^g »Pt5b, 

Pr7b J0 :» PrTb, 



»49 

>49 



Pt3b X»- 131*50 :3 Mb J31- JBl + 49 
Pr4b «2-J4l* 50 13 Pr4b J42_J4l+4S 

f^m-isi^ao :=Prtb JS2-nt-t.49 

WWw- Xt + 50 w rWb J«-/« > 49 
Pf^JTl- 171*50 -"" Pl7b J72_.ni*49 

m+ao : " pk9b jn-»i4.4» 
PrlOb^ -» PrlOb^ PrlOb^oj, noi ♦*> * ^^jioj- not +4» 



'49 



Prtb^j * PcSb^ 



PtSc^g :» Pr3c 
Pt4cjQ := Pr4o 



'49 



'49 



Pr5c 



'50 



Pt5c 



'49 



Pr7c 



c 50 
'50 



'49 



•Pir7c 



'49 



PrSc M := Pt8c 4J 

PrlOc JO :• Prl0c 4 , 

ct :* lcrwpajj(.01 ,31) 
Prelb 
Pre2b 
Pre3b 
Pro4b 
ProSb 
Pre6b 
PreTb 
PreSb 
Pre9b 



ftlo Jia- JIU 50 Wo JU- 111 +49 

^jn- jji * 50 :a ni 4»4» 

Wc ai- J31 + 50 :s Wc J32- J51 + 49 
Pr * C /42- J41 ♦ 50 : " ^H*- J41 + 49 
Pr5c J52- J51 * 50 := ^JSl- JSI +49 
Prfc ;«2-J«U50 :spl6e ^2,«l4.49 
J71 «-50 : " Pf^TO- J7I +49 
ft8c jn- ill ♦ 50 ;s ^Jtt - J81 *49 



Pr9c 



! J92-J9U50 



Pr9c 



m- 191 + 49 



MOc iin- not + 50 :s M06 iim- jiou4t 



» CBpoosc(Prlb,cl ,2047) 
* rctpoose(Pt2b,cl,2047) 
« respocM(Pr3b.ct .2047) 
» respoa$e(Prtb,cl ,2047) 
response(Pc5b,cl ,2047) 
= respotu«CPt6b,cl ,2047) 
r espouse (PrTb.cl ,2047) 
= reiponi«(Prtb,ol ,2047) 
= r»potxje(Pri9b,c 1,2047) 
PrslOb :• rsspocse(Prl0b.cl.2047) 



Prelc := respoare<Prlc,cl ,2047) 
Pre 2c := rcspoase(Pi2c,ot ,2047) 
Pte3o tetponse(Pc3o,cl,2047) 
Pre4c := rupoo*j(Pr4c.o 1.2047) 
Pm$e » rcspoaw(Pr5o , cl ,2047) 
Prs6c := respocJc(Pr6c,ol,2047) 
Pre7e :» repoase(Pr7c,cl ,2047) 
PreSc r= rwpooM(PtSe.cl,2047) 
Pre*> .:• ropo^c(Pr9c ,c'l ,2047) 
PretOc respetue<Prl0c;cl,2O47) 
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in-*) m+f 

i22«5l B2-51 



122-51 122 j 

Md-IJB.W 1 P»4d = l.272.10 

JJ5+50 

122-51 p^., £ (2-Pttfib)B2 

fteSdoUSMO* 122-51 

Pte7dt» 2j 

ill -51 JJ5+50 

Pre™ 122-51 

PreSd- 1.212* tO 3 

ST9 * 50 

Pre9df ^ (l-PteSb)-^ JJ10 + 50 

122-51 PwlOd:* J] (2-Prcl0b) m 

Ptc9d- 1.099- 10 3 122-51 

PrelOd -U66- 10 3 
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JJlb+50 X2b+30 
Ptele -438.093 ftt2c -447.617 



mb+SQ JJ4b + 50 

i?2-5l i22-51 
P«3c =443.226 Pre4e-442J69 



JJ5b + 50 JJ6bf50 

122-51 122-51 
g*e5e - 438.971 Pro6c - 144.978 



JJ8b + 50 

JJ7b*50 PreSe':* ^ fts8Cj33 

P»7o» J] PreTcjjj '02-51 

i22-51 PreSe -321.134 
fte7e -154.061 

jJ7b*50 JJtOb + SO 

Prr9c :- V Pre9c al fteWc - J] PreIOc m 

122 = 51 "2-51 

Me- 166.599 ftelOc =224.558 
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Error Oetection tor stopping *»» Air 
i5»0-49 a"-* .07 

msl :c smnCPrdl) mcl -1.052 

49 
15-0 



Kl-0 



me2 := mein(Prd2) xnc2 «* 0.931 
kly :» if(ftd2y<ine2 -«r,l.0) 

-•- iffPnCy^mel + er),l,0j 
i5-0 



K2:= 



K2-0 



mc3 me»n(Pnt3) xne3 —0.952 
lc3y * if(Ptd3 is <me3 - er.1,0) 

k3by ^ i^ftdS.^imeii ♦ cri . 1.0] 
49 1 

i5-0 



Pri4y ?» Pr4bjr 

me4 xnesa(Ptd4) xne4- 1.064 

k4by - if[Pxd4 i5 >(me4 + er) . 1 .0] 
49 

K4f 2 k *u 4 ' k4, Hs 
i5-0 



K4«0 
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aeS meuCMS} me5 -0938 
kSy ^ »f(ftd^,<mB5 - er.l.O) 

kSi^ -'i^Ptd5 1J >\.«ne5.+ er) . 1.0 J 
' 49 

K5^ J] * 5 iS+ lt5b iS 
B-0 



K5-0 



Rrdtf y PrSb^ 

m«6 :• mcaa(Prf6> xne6-0.97 
hS,, * ^Ptd^^metf - er). t .o] 

kSby * i^Fkdfij^aeS ♦ ec) , I .Oj 
49 

kSy+keby ICS -21 

lis-o 



K6 



nac? :=» xncaa(Pnf7) n»7 -0.943 
» if(Prd7i5<me7 - cr . 1 .0) 

KTbjS* U^MJuHtnel ♦ er) . 1 .0] 
49 

L5 = 0 



K7:» 



K7-0 



nx8 mean<Prd8) mc8- 1.045 
kSy =i tf(Pid8i5<me8 - er. 1.0) 

fcgb^ i^PrdS^CmeS + er) . 1 .0] 

49 



ICS 



K8 -3 



L5-0 



I 
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me9 * meaa(ftrf9> me9 "0.951 
&IS * I^IW9j5<(mo9- cr).I.O] 
ItSbv * i^Ptad9 u ><iae9 * a) . 1 ,0] 

f 19 1 
li5-0 



PnilOy^PrlOby 

tttftIO :■ mean(PrdlO) mo 10 =0.958 
klOjj ^ if(PidlO i5 <me!0 - a. 1 ,0) 

klOby » i^PrdlOyKmetO ♦ ec) , 1 ,0] 
49 

i3-0 



K10« 
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Error Oetectten for SOU tspfrafion 

Kt»0.55 Lot- .33 er».l nn^ 140 

Ran r-Prelb^^ 

midl :- (JJ1 - 100) 
iti»0 M lO 

Dil^Prelb,^,^ 

mel Sefl - metn(Dal) 
mol -0.496 

wol ifftLo<metMxiial<Ht).0»l) 
wol »0 

bl » nn_JJl - 10 

dl bl ^ if[(»Bfl - Prelb^^mel - er).l,0] 
dlbfct :» ^(Refl - FwlbuJ^mel +a).l.O] 

Tm- 10 

bl "*na 



Dl * 



Dl -0 



RjcJE := Pre2b ;J1 ¥ j 0 
aud2 ^ (JJ2 - 100) 

Daig^PttiZbg+oda 

jae2 ^ RrE - mean(I*2) 

roe2=0J2a 

wol ^ ifC(Lo<mc2)(xac2<HD.0.1) 

wc2-0 

dl^ il[(R*C " Pr^^nid - «) .1 .0] 

m - io 

D2:= ^ dl M* dlb W 
b2-ca 



D2=0 
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WftftT Tg CLAIMED IS; 

5 1. A method of handling a fluid, the method 

comprising the steps of: 

(a) moving a tip of a nozzle below a surface of the 

fluid to be handled; 

(b) energizing a pump fluidly associated with the 
10 nozzle to move fluid into the nozzle; 

(c) energizing a pressure transducer fluidly 
associated with the nozzle to monitor pressure within the 
nozzle; 

(d) substantially continuously monitoring pressure 
15 within the nozzle with the pressure transducer during 

operation of the pump; and 

(e) determining whether movement of fluid into the 
nozzle is intended or unintended based on the 
substantially continuously monitored pressure within the 

20 nozzle. 

2. A method as defined in claim 1 further 
comprising the steps of: 

(f) using a liquid to move fluid into the nozzle; 

25 and 

(g) locating the pressure transducer in a path of 
the liquid between the pump and the nozzle. 
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3 . A method as defined in claim 1 wherein the 
determining step (e) comprises the steps of: 

(i) determining an instantaneous pressure profile 
from the substantially continuously monitored pressure; 
and 

(ii) comparing the instantaneous pressure profile 
determined in (i) with a predetermined pressure profile 
for an intended fluid movement and for an unintended fluid 
movement . 

4. A method as defined in claim 1 wherein the 
determining step (e) comprises the steps of: 

(i) obtaining pressure profile data from the 

pressure transducer; 

(ii) filtering the pressure profile data; and 

(iii) determining whether the fluid movement was 
intended or unintended based on the filtered data. 

5. A method as defined in claim 1 wherein the 
determining step (e) comprises the steps of: 

(i) integrating pressure profile data obtained from 
the pressure transducer; and 

(ii) determining whether the fluid movement was 
intended or unintended based on the integrated data. 

6. A method as defined in claim 1 wherein the 
monitoring step (d) comprises the steps of: 

(i) monitoring pressure prior to pump deceleration; 

and 

(ii) monitoring pressure after fluid movement is 
complete . 
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7. A method as defined in claim 6 wherein the 
determining step (e) comprises the steps of: 

(i) determining a mean of pressure monitored in 6 

(i) ; 

(ii) determining a mean of pressure monitored in 6 

(ii) ; 

(iii) calculating a difference between the mean of 7 
(i) and the mean of 7 (ii); and 

(iv) comparing the difference with a tolerance band. 

8. A method as defined in claim 1 wherein the 
determining step (e) comprises the steps of: 

(i) filtering data obtained from the pressure 

transducer in (d) ; 

(ii) calculating a difference between pressure 
monitored by the pressure transducer at any time before or 
during fluid movement and pressure monitored by the 
pressure transducer after fluid has moved into the nozzle; 

(iii) comparing the difference calculated in 8 (ii) 
to a mean pressure difference between pressure monitored 
during movement of fluid into the nozzle and pressure 
monitored after fluid has moved into the nozzle; 

(iv) counting times when the difference calculated in 
8 (ii) differs from the mean pressure difference by more 
than a specified tolerance; and 

(v) determining whether the fluid movement was 
intended or unintended based on the times counted in 8 
(iv) . 
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9. a method of handling a fluid, the method 

comprising the steps of: 

(a) moving a tip of a nozzle adjacent a container to 

receive the fluid; 

(b ) energizing a pump fluidly associated with the 

nozzle to move fluid out of the nozzle; 

(c) energizing a pressure transducer fluidly 
associated with the nozzle to monitor pressure within the 
nozzle; 

(d) substantially continuously monitoring pressure 
within the nozzle with the pressure transducer during 
operation of the pump; and 

(e) determining whether movement of fluid out of the 
nozzle is intended or unintended based on the 
substantially continuously monitored pressure within the 
nozzle. 

10. A method as defined in claim 9 further 

comprising the steps of: 

(f) using a liquid to move fluid out of the nozzle; 

and 

(g) locating the pressure transducer in a path of 
the liquid between the pump and the nozzle. 

11. A method as defined in claim 9 wherein the 
determining step (e) comprises the steps of: 

(i) determining an instantaneous pressure profile 
from the substantially continuously monitored pressure; 
and 

(ii) comparing the instantaneous pressure profile 
determined in (i) with a predetermined pressure profile 
for an intended fluid movement and for an unintended fluid 
movement . 
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12. A method as defined in claim 9 wherein the 
determining step (e) comprises the steps of: 

(i) obtaining pressure profile data from the 
pressure transducer; 

(ii) filtering the pressure profile data; and 

(iii) determining whether the fluid movement was 
intended or unintended based on the filtered data. 



13- A method as defined in claim 9 wherein the 
determining step (e) comprises the steps of: 

(i) integrating pressure profile data obtained from 
the pressure transducer; and 

(ii) determining whether the fluid movement was 
intended or unintended based on the integrated data. 

14. A method as defined in claim 9 wherein the 
monitoring step (d) comprises the steps of: 

(i) monitoring pressure prior to pump deceleration; 

and 

(ii) monitoring pressure after fluid movement is 
complete. 

15. A method as defined in claim 14 wherein the 
determining step (e) comprises the steps of: 

(i) determining a mean of pressure monitored in 14 

(i) ; 

(ii) determining a mean of pressure monitored in 14 

(ii) ; 

(iii) calculating a difference between the mean of 14 
(i) and the mean of 14 (ii) ; and 

(iv) comparing the difference with a tolerance band. 
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16. A method as defined in claim 9 wherein the 
determining step (e) comprises the steps of: 

(i) filtering data obtained from the pressure 

transducer in (d) ; 

(ii) calculating a difference between pressure 
monitored by the pressure transducer at any time before or 
during fluid movement and pressure monitored by the 
pressure transducer after fluid has moved out of the 
nozzle; 

(iii) comparing the difference calculated in 16 (ii) 
to a mean pressure difference between pressure monitored 
during movement of fluid out of the nozzle and pressure 
monitored after fluid has moved out of the nozzle; 

(iv) counting times when the difference calculated in 
16 (ii) differs from the mean pressure difference by more 
than a specified tolerance; and 

(v) determining whether the fluid movement was 
intended or unintended based on the times counted in 16 
(iv) . 
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17. A method of handling a fluid, the method 
comprising the steps of: 

(a) locating a nozzle adjacent a container for the 

fluid; 

(b) energizing a pump fluidly associated with the 
nozzle to move fluid with respect to the nozzle; 

(c) energizing a pressure transducer fluidly 
associated with the nozzle to monitor transient pressure 
within the nozzle; 

(d) substantially continuously monitoring transient 
pressure within the nozzle with the pressure transducer 
during operation of the pump; and 

(e) determining whether movement of fluid with 
respect to the nozzle is intended or unintended based on 
the substantially continuously monitored pressure within 
the nozzle. 

18. A method as defined in claim 17 further 
comprising the steps of: 

(f ) moving a first fluid and a second fluid with 

respect to the nozzle; and 

(g) separating the first fluid and the second fluid 

within the nozzle with air. 

19. A method as defined in claim 17 wherein the 
monitoring step (d) comprises monitoring transient 
pressure within the nozzle at least about 1000 times per 
second . 

20. A method as defined in claim 17 wherein steps 
(b) and (c) are performed substantially simultaneously. 
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